Effects of 2-chloro-6-(trichloromethyl) pyridine and a product of its metabolism, 6-choloropicolinic acid, on ion accumulation in plants. by Zawistowska, Teresa
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1975 
Effects of 2-chloro-6-(trichloromethyl) pyridine and a product of 
its metabolism, 6-choloropicolinic acid, on ion accumulation in 
plants. 
Teresa Zawistowska 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Zawistowska, Teresa, "Effects of 2-chloro-6-(trichloromethyl) pyridine and a product of its metabolism, 
6-choloropicolinic acid, on ion accumulation in plants." (1975). Masters Theses 1911 - February 2014. 
3300. 
Retrieved from https://scholarworks.umass.edu/theses/3300 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 

EFFECTS OF 2-CHLORO-6- (TRICHLOROMETHYL)PYRIDINE AND A 
PRODUCT OF ITS METABOLISM, 6-CHLOROPICOLINIC ACID, 
ON ION ACCUMULATION IN PLANTS 
A Thesis Presented 
By 
TERESA ZAWISTOWSKA 
Submitted to the Graduate School of the 
University of Massachusetts in partial 
fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
June 1975 
Plant and Soil Sciences 
EFFECTS OF 2-CHLORO-6- (TRICHLORO METHYL) PYRIDINE AND A 
PRODUCT OF ITS METABOLISM, 6-CHLOROPICOLINIC ACID, 
ON ION ACCUMULATION IN PLANTS 
A Thesis 
By 
TERESA ZAWISTOWSKA 
Approved as to style and content by: 
Department of Plant and Soil Sciences 
University of Massachusetts, Amherst 
June 1975 
iii 
TABLE OF CONTENTS 
Page 
LIST OF TABLES. v 
INTRODUCTION. . . . I 
LITERATURE REVIEW  3 
Nitrogen in the Soil and Need for Nitrogen 
Conservation  3 
N-Serve and Nitrogen Conservation. 4 
N-Serve Metabolism in Plant Tissues. 6 
Phytotoxicity of N-Serve . 6 
N-Serve and Nitrate Metabolism in Plants as Related 
to the Accumulation of Other Inorganic Ions. 9 
. N-Serve and Nitrate Reduction . 11 
N-Serve and Active Nitrate Uptake as a Process 
Mediated by Protein Carriers.11 
MATERIALS AND METHODS.14 
Effect of N-Serve on Nitrate Reduction in Plant 
Tissu .14 
Plant Material.14 
Medium.  
Physical Arrangements . 14 
Harvesting. .15 
Nitrate Reductase Assay.. . 15 
Effect of Concentration of N-Serve Applied to the 
Soil on Nitrate Accumulation in the Plant Tissue as 
Related to the Amount of Nitrate in the Soil .... 16 
Plant Material. 16 
Medium.16 
Physical Arrangements  17 
Harvesting.17 
Nitrate Determination in Plant and Soil Samples . 17 
Effect of N-Serve and 6-Chloropicolinic Acid on Ion 
Absorption by Plant Roots.18 
Plant Material. 18 
Medium, Design.18 
Physical Arrangements  18 
Ion Uptake Determinations.19 
Determination of Potassium.19 
Determination of Calcium.20 
iv 
* 
Page 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Protein Synthesis in Cucumber Root Tips.20 
Plant Material.20 
Medium, Physical Arrangements . 20 
Incorporation of l^C-leucine into Protein .... 20 
Incubation.20 
Washing.21 
Homogenization and Centrifugation.21 
Purification of Protein.21 
RESULTS.'.23 
Effect of N-Serve on Nitrate Reductase Activity. . . 23 
Effect of Concentration of N-Serve Applied to the 
Soil on the Amount of Nitrate Accumulated in Plant 
Tissu s.23 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Nitrate Absorption by Plant Roots.24 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Chloride Absorption by Plant Roots . 25 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Potassium Absorption by Plant Roots.25 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Calcium Absorption by Plant Roots.26 
Effect of N-Serve and 6-Chloropicolinic Acid on 
Protein Synthesis in Root Tips of Cucumber Seedlings 26 
DISCUSSION.  37 
\ 
LITERATURE CITED.46 
V 
LIST OF TABLES 
Table Page 
1 Effect of N-Serve on Nitrate Reductase Activity 
in Leaves of Corn, Cucumber and Spinach 
Seedlings. ;.27 
» 
2 Effect of Concentration of N-Serve and Nitrate 
in the Soil on Nitrate Accumulation by Cucumber 
Seedlings.  28 
s. 
3 The Relationship Between Concentration of N-Serve 
Applied to the Soil and the Amount of Nitrate 
Remaining in the Soil after Plant Harvest. ... 29 
4 Effect of N-Serve Concentration on Nitrate 
Absorption by Cucumber Seedlings . 30 
5 Effect of 6-Chloropicolinic Acid Concentration 
on Nitrate Absorption by Cucumber Seedlings. . . 31 
6 Comparison of Inhibitory Effects of N-Serve and 
6-Chloropicolinic Acid on Nitrate Uptake by 
Cucumber Seedlings . 32 
7 Effect of N-Serve and 6-Chloropicolinic Acid on 
Chloride Absorption by Cucumber Seedlings. ... 33 
8 Effect of N-Serve and 6-Chloropicolinic Acid on 
Potassium Absorption by Cucumber Roots . 34 
9 Effect of N-Serve and 6-Chlorooicolinic Acid on 
L 
Calcium Absorption by Cucumber Roots . 35 
10 Effect of N-Serve and 6-Chloropicolinic Acid on 
Protein Synthesis in Root Tips of Cucumber 
Seedlings..36 
1 
INTRODUCTION 
Nitrification, the process by which ammonium is con¬ 
verted into nitrate, takes place in most soils usually by 
Nitrosomonas sp. which oxidize ammonium to nitrate and by 
Nitrobacter sp. which oxidize nitrite to nitrate. Nitrate 
is the most abundant ionic species of nitrogen in the soil 
and is subject to denitrification and leaching losses. One 
way to decrease these losses is to prevent nitrification of 
ammonium nitrogen. Development of the compound 2-chloro-6- 
(trichloromethyl)pyridine (N-Serve), which at low concentra¬ 
tions has specific toxicity to Nitrosomonas, provides a pos¬ 
sible means of inhibiting nitrification and reducing loss of 
applied ammoniacal fertilizers. However, results obtained 
in several studies have demonstrated that N-Serve applied in 
relatively high concentrations to the soil can produce photo¬ 
toxicity, and the nature and severity of phytotoxicity depend 
to a large extent upon the concentration of N-Serve as well 
as upon the plant species and the soil characteristics. One 
of the physiological effects of N-Serve was found to be asso¬ 
ciated with nitrate metabolism. It was observed (personal 
communication of H. A. Mills, University of Massachusetts) 
that N-Serve applied to the soil resulted in a significant 
nitrate accumulation in spinach plants grown with nitrate as 
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a source of nitrogen. Therefore, studies were conducted tc 
establish whether N-Serve indeed affects nitrate concentra¬ 
tion in plants and if so how. 
The initial and principal metabolite resulting from N- 
Serve degradation by plants and microorganisms in the soil 
has been shown to be 6-chloropicolinic acid. It seems likely 
that some of the phytotoxicity resulting from N-Serve appli¬ 
cation is due to 6-chloropicolinic acid. Relatively few 
studies dealing with the phytotoxicity of N-Serve have given 
consideration to the fact that conversion to 6-chloropicolinic 
acid occurs both in the soil and the plant. Therefore, studies 
were conducted to compare relative toxicities of N-Serve and 
6-chloropicolinic acid and their effects on nitrate uptake 
and reduction as well as related accumulation of some other 
ions such as Cl, K, and Ca in plants. 
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LITERATURE REVIEW 
Nitrogen in the Soil and Need for Nitrogen Conservetion. 
The role of nitrogen in crop production has been a major 
concern of agronomists. It is generally recognized that in 
addition to removal of nitrogen by crops, losses from the 
soil can occur by leaching of nitrate and nitrite, by deni¬ 
trification resulting in formation of nitrogen gas or various 
volatile or gaseous oxides of nitrogen, and by volatilization 
of ammonia (1). Nitrogen in the soil is replenished by fertili¬ 
zation, by crop residue, by symbiotic and nonsymbiotic nitrogen 
fixation, and by nitrogenous material in rainfall. Because of 
the losses accuring with most commonly used N-fertilizers, the 
fertilizer use efficiency of N is only about 50% under many 
soil and cropping conditions. Much effort has been devoted to 
establishing types, rates, placement and timing of nitrogen 
fertilization so as to achieve maximum efficiency of uptake by 
the crop. Nitrogen conservation efforts are most frequently 
frustrated by nitrification, a process that is occurring con¬ 
tinually in most agricultural soils (2). 
In the process of nitrification, microorganisms, primarily 
Nitrosomonas sp. and Nitrobacter so.• » oxidize ammonium to 
nitrite and nitrite to nitrate, respectively, with the rate of 
reaction depending on such factors as temperature, pH, moisture 
4 
and texture of the soil. Other organisms can also oxidize 
ammonium to nitrate but are usually considered to contribute 
little to total nitrification. Nitrification is beneficial 
in that it prevents the build up of phytotoxic concentrations 
of ammonium-N in the soil. Nitrate ions, however, are more 
subject to leaching and denitrification losses than ammonium, 
and in some cases, high concentrations of nitrate in the soil 
may lead to undesirable levels of nitrate in the plant tis¬ 
sues. Utilization of fertilizers containing ammoniacal nitro¬ 
gen, which is absorbed to soil colloids, provides a method 
for reducing loss from fertilizer application if the delay of 
the conversion of ammonium to nitrate can be achieved (3). 
N-Serve and Nitrogen Conservation. 
N-Serve (1), 2-chloro-6-(trichloromethyl)pyridine, was 
found to be a very selective nitrification inhibitor with a 
high level of toxicity against Nitrosomonas. In inhibiting 
nitrification N-Serve has been shown to be effective at con¬ 
centrations as low as 0.05 ppm with the effectiveness varying 
with soil characteristics, but increasing concentrations delay 
conversion of ammonium-N for longer periods of time (1). Con¬ 
centrations of 100 ppm or more are needed to inhibit Nitro- 
bacter (2). N-Serve does not appear to have a significant 
effect on any other soil microorganisms. 
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Potential use of N-Serve as an additive to ammonium 
fertilizers has been described (4,5,6). Swezey and Turner (4) 
showed that a single application cf nitrogen with N-Serve 
could substitute effectively for multiple applications of 
untreated nitrogen, so that timing of nitrogen fertilization 
could become less critical, and a more uniform supply of 
nitrogen to the crop could be maintained. Nitrogen retained 
in the soil due to inhibition of nitrification of ammonium 
nitrogen has resulted in increased yields in crops (4,6) such 
as sweet corn, sugar beets and sugar cane. However, the 
inhibition of nitrification is not the only way in which N- 
Serve can prevent losses of nitrogen. In heavier, water- 
logged soils, nitrates are reduced to nitrogen gas, and nitro¬ 
gen is lost from the soil in this manner. N-Serve applied 
with ammonium fertilizers has improved the yield of rice, 
\ 
spinach and sugar beets in what seemed to be this type of 
situation. (6). 
One of the primary functions of N-Serve is to insure for 
the plant a continuous supply of ammonium and subsequently 
nitrate-N throughout the growing season without having to 
employ multiple applications of fertilizer (5). N-Serve as 
a means of control of the nitrification process also provides 
the selective control of ammonium and nitrate nutrition under 
6 
field conditions and, consequently, may govern nitrate 
accumulation by plants. 
N-Serve Metabolism in Plant Tissues . 
The initial and principal metabolite resulting from N- 
Serve degradation by plants and microorganisms in the soil 
has been shown to be 6-chloropicolinic acid, formed by hydrol¬ 
ysis of the trichloromethyl group (8,9,10). 
Meikle and Rademann (8) used 6- Cl-picolinic acid to 
follow products of the metabolism of N-Serve in plants. It 
was established that during metabolic transformation of pico- 
linic acid a small portion is converted to 2-chloropyridine 
and then subsequently dehalogenated to yield chloride and an 
unstable compound, pyridinol. Some of the 6-chloropicolinic 
acid was esterified to form at least four lipid-like compounds, 
and a small portion of 6-chloropicolinic acid was conjungated 
with insoluble protein to form amide. It is likely that all 
these reactions also take place in the soil, although the only 
decomposition product identified in the soil was 6-chloro¬ 
picolinic acid. It has been shown that N-Serve remaining in 
the soil is lost through decomposition and rate of loss from 
the soil is an exponential function of time (10). 
Phvtotoxicity of N-Serve. 
Results obtained in several laboratory studies (11, 12, 
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13,14,15,16) have shown that N-Serve applied to the soil can 
produce phytotoxicity to certain plants and that the nature 
and severity of the phytotoxicity depend to a large extent 
upon the concentration of N-Serve as well as plant species 
and soil. Legumes such as alfalfa (12), black locust (11,14) 
and soybean (15) were found to be particularly sensitive. 
Damages in nodule morphology, deformation of root tips and 
severe growth restriction occurred in alfalfa. Auxin-type 
symptoms have been described for locust seedlings. 
Lynd (11) found that the action of N-Serve resembled that 
of picloram (substituted picolinic acid) in having an auxin- 
type activity on germinating black locust, but about 100 times 
more of N-Serve than picloram was needed for similar effects. 
Severe leaf curling, internode elongation and abnormal tendril 
stem growth appeared with 1 ppm N-Serve. Increasing concen- 
\ 
trations of N-Serve decreased root branching and lateral root 
development. Both N-Serve and picloram belong to one of the 
newest families of herbicides, the chlorinated pyridines. The 
greater herbicidal affectiveness of picloram compared to N- 
Serve probably can be attributed to increased mobility and 
resistance to breakdown within the plant. Nishikara and 
Tsuneyoshi (17) grew rice with urea alone and treated with 
various nitrification inhibitors including N-Serve. It was 
demonstrated that the yields of grain and straw and their 
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nitrogen uptake decreased with herbicide treatment and that 
the most pronounced decrease was obtained in plants treated 
with N-Serve. Cucumber, garden beans, garden peas, field 
pumpkins and field corn have been shown to be restricted in 
growth (16) when N-Serve concentration was at least 50 ppm 
in the soil. A restriction of dry weight production was the 
most uniform characteristic of N-Serve toxicity. Beans, peas 
and cucumber developed visible symptoms of N-Serve toxicity, 
which did not appear immediately after transplanting into the 
soil containing N-Serve but required about two weeks to become 
evident. 
Rieck and Lynd (14) demonstrated very large reduction of 
growth in black locust resulting from addition of dry black 
locust foliage from plants grown on N-Serve treated soil which 
exhibited phytotoxicity symptoms. Apparently a highly active 
\ 
form of pyridine resulting from metabolic conversions of lower 
toxic compounds accumulates in plant material. 
Possibly some of the phytotoxicity resulting from N-Serve 
is due to 6-chloropicolinic acid. (This would seem to be the 
case particularly in instances where auxin-type symptoms have 
been observed with leguminous plants) or some other products 
of N-Serve breakdown. Studies conducted to compare the rela¬ 
tive toxicity of N-Serve and 6-chloropicolinic acid to the 
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seedlings of various crop plants (18) demonstrated that N- 
Serve was more toxic than 6-chloropicolinic acid to grass 
species tested, which included corn, sorghum and rice. 6- 
chloropicolinic acid was more toxic than N-Serve to dico- 
tyledenous species including cotton, sugar beet, alfalfa and 
soybean. In general the dicotyledenous species were more 
sensitive to both compounds than were grass species. 
It was also shown (19) that site of exposure of the 
germinating seedlings to the chemicals influences the degree 
of phytotoxicity obtained. N-Serve reduced growth when ex¬ 
posure occurred through both roots and shoots of germinating 
seedlings. 6-chloropicolinic acid reduced growth only when 
exposure occurred through the roots. Therefore, both the 
root and the shoot are important points of contact with re¬ 
spect to the phytotoxicity produced by N-Serve although only 
\ 
the root appears to be of importance with 6-chloropicolinic acid. 
N-Serve and Nitrate Metabolism in Plants as Related to the 
Accumulation of Other Inorganic Ions. 
One of the physiological effects of N-Serve was found to 
be associated with nitrate metabolism. It was observed (per¬ 
sonal communication of H. A. Mills) that N-Serve applied to 
the soil resulted in a significant nitrate accumulation in 
spinach plants grown with nitrate as a source of nitrogen. 
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Under normal physiological conditions nitrate is the 
dominant anion absorbed by plants, often being the first 
factor limiting plant growth. It was demonstrated that the 
processes of nitrate uptake and reduction influence signifi¬ 
cantly ionic balance in plant tissue (20,21) and that the 
rapid uptake of nitrate enhances counter-cation uptake, and 
subsequent reduction of nitrate creates cation-anion imbal¬ 
ance in plants. It was also demonstrated that as a response 
to nitrate reduction very rapid synthesis of organic acids 
occurs. It seems likely that the imbalance due to utilization 
of nitrate is compensated by organic acid anions so that the 
metabolism of nitrate by influencing the level of organic 
acids in the plant tissues potentially affects the accumulation 
of other inorganic ions. It was established (22) that the 
total cation content of a plant is closely associated with a 
\ 
level of nitrogen and protein. 
Jackson and Williams (20) observed that uptake of both 
divalent and monovalent cations was stimulated by supplying 
nitrate to N-depleted wheat seedlings. The cause of increased 
accumulation of K by plants receiving more nitrate could be 
the combination of increased transport rate and the capacity 
of cells to retain cations as salts of organic acids. These 
findings seem to confirm that the uptake and assimilation cf 
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nitrate ions as well as closely related metabolism of organic 
acids are dominant factors in ion accumulation in plant tis¬ 
sues • Therefore, the observation of higher nitrate concen¬ 
tration in some plants treated with N-Serve would imply that 
one of the possible mechanisms of N-Serve phytotoxicity might 
be its interference with processes involved in nitrate uptake 
or reduction causing subsequent disturbances in overall N 
metabolism. This in turn would affect accumulation of other 
ions in plant tissues. 
A. N-Serve and Nitrate Reduction. 
Since nitrate reductase catalyzes the first step in 
the pathway for the reduction of nitrate, the activity of this 
enzyme, relative to the rate of nitrate uptake will determine 
the concentration of nitrate in plants. It seemed conceivable 
that activity of nitrate reductase could be inhibited by N- 
V 
Serve or 6-chloropicolinic acid, which in turn would lead to 
accumulation of nitrate in the plant tissues. 
B. N-Serve and Active Nitrate Uptake as a_ Process 
Mediated by Protein Carriers. 
Generally a process whereby ions are moved against 
the concentration gradient across the cell membrane is thought 
to be mediated by carriers, which are likely to be subunits 
of the membrane (22,23,24). Carriers have not been isolated 
12 
or identified, but evidence indicates that they are directly 
connected to proteins or are proteins themselves. (25). The 
strong evidence supporting this idea is demonstration that 
the same inhibitors interfere with protein synthesis and salt 
absorption (26,27,30). 
Jackson and coworkers (20,28) have shown that nitrate 
uptake by N-depleted wheat seedlings is characterized by a 
slow init:\al rate, during the phase of passive uptake and 
subsequent: accelerated rate during the phase of active uptake. 
The inhibitor studies suggest that protein synthesis was re¬ 
quired for full development of the active phase of nitrate 
uptake. Cycloheximide, an inhibitor of protein synthesis, 
drastically inhibited nitrate uptake. Another inhibitor, 
puromycin also restricted the development of the active nitrate 
uptake phase. The hypothesis is advanced that a continuous 
\ 
synthesis of a specific nitrate transport carrier protein is 
required for active nitrate uptake (28). 
It seems likely that N-Serve or 6-chloropicolinic acid 
by interfering with synthesis of this carrier would affect 
active uptake of nitrate by roots which in turn would modify 
uptake of cations such as K and Ca. Possibly, these chemicals 
affect directly specific carriers for transport of other inor¬ 
ganic ions (K, Ca, Cl). It is conceivable that N-Serve and 
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6-chloropicolinic acid might possibly inhibit one of the 
stages of carrier protein turnover thus modifying ion 
absorption by plants. 
The previously described experiments (11,13,14,16,17) 
concerning N-Serve phytotoxicity demonstrated that the most 
uniform toxicity symptom among variety of plants was severe 
growth restriction and consequent decrease in dry weight 
production. These results imply that N-Serve or possibly 
products of its metabolism might interfere with processes 
involved in protein synthesis and, consequently with growth. 
The uptake of inorganic salts by plant tissues is known to be 
closely bound with a capacity for growth resulting in increase 
in protoplast area, dilution of vacuolar sap (factors enhancing 
salt absorption )and being accompanied by rapid synthesis of 
ion transport proteins (29). So this would be another possible 
\ 
mechanism by which these chemicals could indirectly affect 
salt accumulation by plants. 
14 
MATERIAL AND METHODS 
Objective 1. Effect of N-Serve on Nitrate Reekietion in Plant 
Tissue. 
a. Plant material. Three plant species were used in 
this study: cucumber (Cucumis sativus L.) cv., corn (Zea 
mays Batley) cv. and spinach (Spinacia oleracea L.) cv. 
America. 
b. Medium. Unsterilized greenhouse soil containing 7 
parts loam, 3 parts peat and 2 parts sand by volume was treated 
with the nitrification inhibitor, 2-chloro-6-(trichloromethyl)- 
pyridine, (N-Serve) at rates of 50 or 100 ppm. N-Serve was 
mixed with the soil by rotation in a 5 gallon container and 
was applied at the initiation of the experiments only. 
Seeds of corn, cucumber, and spinach were planted in flats 
containing 9500 g of the soil. All treatments were replicated 
three times. The seedlings were given 300 ml of Hoagland’s 
solution (31) per flat three times a week with watering with 
tap water. 
c. Physical arrangements. Cucumber and corn plants were 
grown in a growth chamber under 12-hour photo period at a light 
intensity of 1800 ft-c with a dark-period temperature of 16 + 
1°C and a light-period temperature of 24 + 1°C. Spinach plants 
were grown in a greenhouse maintained at night temperature of 
16 + 3°C and day temperature of 24 + 3°C. 
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d. Harvesting. Cucumber and corn plants were grown to 
an age of two weeks after emergence. Spinach plants were 
grown for four weeks. At harvest, fresh weights of shoots 
were recorded. Fresh tissue of leaf blades were the only part 
of the plant used for nitrate reductase assay. 
e. Nitra te reductase assay. Nitrate reductase was ex¬ 
tracted from homogenized leaves and assayed according to the 
method of Hageman and Flesher (32). The leaf tissue was 
homogenized in a solution of 0.2 M tris, 0.01 M L- (+)-cysteine, 
and 3 x 10”^ M EDTA adjusted to pH 7.5 with 2 N HC1. The ratio 
of extraction medium to tissue was 4:1 (v/w). The homogenates 
were then filtered through four layers of cheesecloth and cen¬ 
trifuged for 15 minutes at 10,000 g in a refrigerated centri¬ 
fuge at 0°C. The supernatant was then decanted and used for 
assays while the pellet was discarded. All operations were 
carried out in an ice bath to prevent enzyme denaturation. 
The assay mixture consisted of 1.0 ml 0.1 M potassium 
phosphate buffer pH 7.5, 0.2 ml of 0.1 II KNO^, 0.5 ml of 
1.36 x 10 4 M NADH, and 0.2 ml of leaf extract for a final 
volume of 3.0 ml. 
The reaction was initiated by the addition of NADH. The 
reaction mixture was incubated at room temperature for 15 min¬ 
utes, and the reaction was stopped by adding 1 ml of 1% sul¬ 
fanilamide in 1.5 N HC1. One ml of 0.02% 2/v N-(1-naphtyl)- 
16 
ethylene-diamine hydrochloride in 0.2 N HC1 was added, and 
the color was allowed to develop for 5 minutes. The absorb¬ 
ancy was determined by reading each sample against its own 
blank (complete except for NADH) in a Eeckman DU-2 Spectro¬ 
photometer at 540 nm. Nitrite formation was estimated from 
a standard calibration curve. 
Objective 2. Effect of Concentration of N-Serve Applied tc 
the Soil on Nitrate Accumulation in the Plant Tissue as Pel a ted 
0 
to the Amount of Nitrate in the Soil. 
a. Plant ma terial. These experiments were conducted with 
cucumber seedlings, (Cueurnis sativus L.). Cucumbers were chosen 
for several reasons: 
1. Vegetative portions tend to accumulate appreciable 
amounts of nitrate (33). 
2. Seedlings are particularly sensitive to N-Serve and 
6-chloropicolinic acid, developing visible symptoms 
of injury such as leaf curling and internode elon¬ 
gation (16). 
3. Cucumber plants are very convenient for culture. 
b. Medium. Greenhouse soil (composition as described 
for Objective 1) was treated with N-Serve at rates of 50, 100 
or 150 ppm. Cucumber seeds were planted into 1000 g of the 
soil mixture contained in a single 6-inch plastic pot. Fol- 
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lowing emergence of the seedlings, the young plants were 
thinned to three plants per pot and then furnished with 
three levels of nitrate, 200, 400 or 800 mg per pot, along 
with other required nutrients contained in full-strength 
Hoagland*s solution. For each N-Serve treatment all three 
different nitrate concentrations were applied. All treat¬ 
ments were replicated three times. The seedlings were given 
100 ml of complete Hoagland's solution without nitrate every 
other day with additional watering with tap water. 
c. Physical arrangements. Plants were grown in a growth 
chamber under the same conditions as described for Objective 1. 
d. Harvesting. Plants were harvested after 12, 15, and 
19 days of growing, respectively. The plant tissues including 
stems and leaves were then dried at 65°C in a forced-draft 
oven for 48 hours, following which their dry weights were 
v 
determined. 
e. Nitrate determination in plant and soil samples. 
Nitrate concentration in' the plant tissue and the soil was 
measured with a nitrate electrode (33) as follows: 
The dried plant tissue was finely ground using a mortar 
and pestle . Two hundred to 400 mg samples were placed in 125 
ml Erlenmeyer flasks. Fifty ml of distilled water were then 
added to flasks. They were agitated on a wrist-action shaker 
18 
^or ^ minutes. The suspension was then filtered through 
glass wool, and the nitrate concentration of the extracts 
was determined with an Orion Research Ion Analyzer, Model 
equipped with a saturated calomel reference electrode 
and Orion nitrate electrode, Model 92-07. 
Objective 3^ Effect of N-Serve and 6-Chloropicolinic Acid 
on Ion Absorption by Plant Roots, 
a* Plant material. All experiments were conducted with 
N-depleted cucumber seedlings (Cucumis sativus L.). 
b. Medium, design. Plants were grown in water nutrient 
solutions. The nutrient mixture consisted of 0.4 meq KoS0, 
1 2 4 * 
2.0 meq MgS04, and 1.0 meq Ca(H2P04)2 per liter. Trace ele¬ 
ments were present at 1/5 concentration of Hoagland A-Z solu¬ 
tion (31). N-Serve or 6-chloropicolinic acid were added at 
molar concentrations of 10“10, 10"7, 0.25 x 10“5, 0.50 x 10“5, 
1.0 x 10-5, 1.25 x 10-\ and 2.50 x 10"5. 
After germination for three days in the darkness cucumber 
seedlings were transplanted in groups of seven (hereafter 
called a culture) into 1-liter pots containing appropriate 
nutrient solutions. Duplicate pots were employed for each 
treatment. 
c. Physical arrangements, The seedlings were grown for 
12 days with 16 hours of light daily in a growth chamber. 
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Temperature was maintained at 25 + 2°C during the light period, 
and 22 + 2°C during darkness. Solutions were continuously 
aerated; acidity was adjusted to pH 5.0 (34) daily, and com¬ 
plete changes of solutions were made every other day. 
% 
d. Ion uptake determinations. Ion uptake rate was 
determined fifteen days after germination. In all experiments 
nitrate was present initially as KNO^ or KC1 at concentrations 
0.4 meq per liter, together with trace elements and other 
salts at the concentrations used during growth. Solutions 
were replaced at indicated times, and water loss and acidity 
were recorded. Net ion uptake during each period was calcu¬ 
lated from solution analyses after correction for volume 
changes due to water loss. Nitrate and chloride concentrations 
in the solutions were measured electrometrically (33). Po¬ 
tassium and calcium were determined by atomic absorption 
spectrophotometry as follows: 
1. Determination of potassium. Solutions to be ana- 
lyzed were diluted ten times so that the concentration of 
potassium was in a range 0 to 2 ppm. In order to overcome 
the effect of potassium in the air-acetylene flame, NaCl to 
give a final concentration of 100C ppm was added to each 
sample. Atomic absorption was determined by reading samples 
against a blank (complete except potassium in a Perkin-Slmer 
20 
306 Atomic Absorption Spectrophotometer at 766.5 nm. A 
solution containing 2 ppm K was used as a standard. 
2. Determination of calcium. Solutions to be analyzed 
were diluted so that the concentration of calcium was in a 
range 0 to 5 ppm. Lanthanum to give a final concentration 
of 17o was added to each sample in order to prevent phosphorus 
interference. Atomic absorption was determined at 422 nm. 
A solution containing 4 ppm Ca was used as a standard. 
Objective 4. Effect of N-Serve and 6-Chloropico linic Acid 
on Protein Synthesis in Cucumber Root Tips. 
a. Plant material. Experiments were conducted with 
intact germinating cucumber seedlings. 
b. Medium, physical arrangements. Cucumber seedlings 
were germinating for 72 hours in Petri dishes containing 
\ 
distilled water or solutions of N-Serve or 6-chloropicolinic 
acid at concentration 10 ^M. Germination was carried out in 
darkness with a temperature of 25 + 2°C in a growth chamber, 
c . Incorpora tion of ^C -leucine into pro te in . 
1. Incubation. Intact three-day-old seedlings (1 g 
fresh weight) were placed in 25 ml Erlenmeyer flasks con¬ 
taining 7 ml of incubation medium. Incubation mixture 
consisted of phosphate buffer pH 6.0, N-Serve or 6-chloro- 
-4 14 
picolinic acid at concentration 0.75 x 10 M, and C-leucine 
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to give a concentration of 300,000 cpm/ml. Incubation was 
carried out for 2 hours at room temperature. Flasks were 
agitated on a shaker throughout the incubation period. 
2. Washing. The seedlings were washed twice with the 
solution of cold leucine at concentration 20 ug/ml. Washing 
was carried out in an ice bath in order to prevent further 
incorporation of ^C-leucine. Then seedlings were divided 
into cotyledons and roots. Cotyledons were discarded. Only 
root tips, \ inch long were used for the determination of the 
leucine incorporation. 
3. Homogenization and centrifugation. Root tips were 
weighed and then homogenized in 1.0 ml of the solution of 
27o NaCO^ in 0.1 NaOH for 3 minutes. The homogenate was then 
centrifuged for 15 minutes at room temperature. Then 0.3 ml 
of the supernatant was taken on a paper disk, dried and counted 
The rest of supernatant was then purified for protein, and 
used for determination of ^C-leucine incorporation, while 
the pellet was discarded, 
4. Purification of protein. 0.3 ml of supernatant was 
applied to an inch diameter Whatman paper disks and dried at 
room temperature. Then disks were transferred through the 
washing solutions in the following sequence: 
10% TCA, 1 hr., 0°C. 
5% TCA, 15 min., 85°C. 
22 
1:1 ethanol-ether, 15 niin., room temp. 
1:3 ethanol-ether, 15 min., room temp, 
absolute ether, 15 min., room temp. 
Then paper disks were dried and counted in a Nuclear Chicago 
Geiger Counter with a decade scaler attachment. The results 
for total absorption of leucine were expressed as incorporation 
as cpm/rag weight. 
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RESULTS 
Effect of N-Serve on Nitrate Reductase Activity. 
Experiments were conducted in order to determine 
whether N-Serve applied to the soil and consequently 
absorbed by plants has an effect on nitrate reductase 
activity in the plant tissues. The data revealed that 
N-Serve at concentrations as high as 50 and 100 ppm in 
the soil did not influence the activity of this enzyme 
in any of the species tested. (Table 1). 
Effect of Concentration of N-Serve Applied to the Soil 
on the Amount of Nitrate Accumulated in Plant Tissues. 
The data show that N-Serve applied to the soil in 
relatively high concentrations such as 150 ppm caused a 
significant accumulation of nitrate in shoots of cucumber 
% 
seedlings (Table 2). At this concentration of N-Serve 
growth of cucumber seedlings was severely reduced, and 
phytotoxicity symptoms such as leaf curling and internode 
elongation were very well pronounced. At higher concen¬ 
trations of nitrate in the soil, 400 and 800 mg per pot, 
the accumulation of nitrate was more significant. At the 
lowest concentration of N-Serve in the soil, 50 ppm, a 
noticeable drop in nitrate concentration in plant tissues 
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was observed. This drop was consistent only at higher con- 
centrations of nitrate in the soil (400, 800 mg/pot.) 
Seedlings grown with 50 ppm of N-Serve did not show visible 
symptoms of phytotoxicity. 
The determination of the amount of nitrate remaining in 
the soil after plants were harvested revealed a correlation 
between the amount of nitrate which was not absorbed by plant 
roots and the amount of applied N-Serve. Nitrate concentration 
measured in the soil samples (Table 3) after the plants were 
harvested gradually increased with increasing amounts of N- 
Serve applied. 
Effect of N-Serve and 6-Chloro picclinic Acid on Nitrate 
Absorption by Plant Roots. 
The data show that N-Serve and 6-chloropicolinic acid 
inhibit uptake of nitrate by cucumber roots. The inhibition 
caused by N-Serve became noticeable at 0.25 x 10”^ M. Con¬ 
centrations of N-Serve in a range 1.0 to 2.5 x 10 ^ M produced 
30 to 467o decrease in nitrate absorption rates. Concentrations 
above 2.5 x 10"^ were lethal (Table 3). 6-chloropicolinic acid 
at concentration 0.25 x 10"^ M inhibited nitrate uptake by 427>. 
Concentrations above 1.25 x 10 ^ aopeared to be lethal (Table 
4). A comparison of the relative toxicities of N-Serve and 
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6-chloropicolinic acid and their effects on the rate of 
nitrate uptake by cucumber seedlings (Table 6) indicated 
that inhibition of nitrate absorption as well as growth 
restriction and toxicity symptoms were more pronounced 
in plants treated with 6-chloropicolinic acid than in 
those grown with N-Serve . Uptake of nitrate was about 
two times more restricted with 6-chloropicolinic acid 
than with N-Serve when equal molar concentrations of 
both chemicals were applied. 
Effect of N-Serve and 6-Chloropicolinic Acid on Chloride 
Absorption by Plant Roots. 
The data show that both N-Serve and 6-chloropicolinic 
acid significantly stimulated uptake of chloride by plants. 
The stimulatory effect on chloride absorption was more 
strongly pronounced with 6-chloropicolinic acid than with 
N-Serve (Table 7). 
Effec t of N-Serve and 6-Chloropicolinic Ac id on potassium 
Absorption by Plant Roots. 
Both chemicals were found to have an effect on the 
rate of absorption of potassium by cucumber seedlings. 
The data show that N-Serve and 6-chloropicolinic acid at 
concentration 0.5 x 10”^M significantly inhibited potassium 
absorption by seedlings, and as in the case of nitrate 
26 
uptake, the inhibitory effect of 6-chloropicolinic acid 
was much more pronounced. 
Effect of N-Serve and 6-Chloropicolinic Acid on Calcium 
Absorption by Plants Roots. 
The data show a noticeable inhibition of calcium 
uptake by plant roots when N-Serve and 6-chloropicolinic 
acid were applied at concentration 0.5 x 10”^M, and 
potassium was substituted by sodium in the solution in 
order to eliminate potassium interference with calcium 
uptake. 6-chloropicolinic acid seems to inhibit calcium 
absorption more strongly than N-Serve. 
Effect of N-Serve and 6-Chloropicolinic Acid on Protein 
Synthesis in Root Tips of Cucumber Seedlings. 
The data concerning incorporation of ^4C-leucine into 
\ 
protein of root tips seems to be inconclusive. This is 
probably due to limitations of the experimental procedure. 
Results concerning uptake of ^C-leucine by roots would 
possibly imply that both N-Serve and 6-chloropicolinic 
acid cause some inhibition in absorption of this amino- 
acid from the incubation mixture. 
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Table 1. Effect of N-Serve on Nitrate Reductase Activity in 
Leaves of Corn» Cucumber and Spinach Seedlings. 
Specific activity of nitrate reductase 
Plant 1 ppm N-Serve in the soil 
species 
0 50 100 
Corn 0.049 + 0.02 
pg NC^/hr/ng protein 
0.048 + 0.02 0.047 + 0.02 
Cucumber 0.040 + 0.02 0.039 + 0.02 0.042 + 0.02 
Spinach 0.097 + 0.03 0.099 + 0.03 0.086 + 0.03 
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Table 2. Effect of 
the Soil 
Seedlings 
Concentration of N-Serve and Nitrate in 
on Nitrate Accumulation by Cucumber 
• 
Treatment 
♦ 
Nitrate accumulation in shoots 
ppm Days of 
N-Serve growth Nitrate-N applied, m£ ; per pot. 
200 400 800 
no3- N, 70 dry weight 
• 12 1.25 + 0.14 1.50 + 0.08 1.43 + 0.10 
0 15 0.67 + 0.07 0.81 + 0.05 0.93 + 0.03 
19 0.38 + 0.07 0.72 + 0.02 0.81 + 0.05 
12 1.12 + 0.09 1.25 + 0.11 1.25 + 0.10 
50 15 0.68 + 0.00 0.55 + 0.05 0.75 + 0.04 
19 0.35 + 0.03 0.48 + 0.04 0.66 + 0.05 
12 1.28 + 0.07 1.28 ± 0.05 1.75 + 0.07 
100 15 0.81 + 0.06 0.66 + 0.04 1.01 + 0.04 
19 0.53 + 0.06 0.62 + 0.05 0.75 + 0.14 
12 1.53 ± 0.03 2.00 + 0.10 1.68 + 0.03 
150 15 0.85 + 0.04 1.41 + 0.07 1.06 + 0.06 
19 0.55 + 0.06 1.03 + 0.07 1.00 + 0.11 
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Table 3. The Relationship Between Concentration of N-Serve 
Applied to the Soi1 and the Amount of Nitrate 
Remaining in the Soil After Plant Harvest at 19 Days. 
Nitrate concentration in soil 
N-Serve 
Treatment Nitrate-N applied. mg per pot. 
200 400 800 
ppm ppm NO^-N in air -dried soil 
0 29.9 + 28.6 83.2 ± 20.3 173.1 + 28.0 
50 73 .2 + 37.4 106.5 + 11.1 213.1 + 22.2 
100 89.9 + 11.9 136.5 + 22.2 226.4 + 27.9 
150 156.5 + 27.7 189.8 + 7.8 253.0 + 33.2 
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Table 4. Effect of N-Serve Concentra tion on Nitrate 
Absorption by Cucumber Seedlings. 
Nitrate uptake 
N-Serve Cumulative 
Concentra tion Time interval, hr. Uptake 
0 to 10 10 to 20 20 to 30 
M peq/culture 
0 314 + 30 278 + 26 185 Hr 28 111 
o
 
r—
t 
1 o
 
r—
1 310 + 29 278 + 19 182 + 24 770 
r" i o 
r—
< 315 ± 31 285 ±34 187 + 16 787 
0.25 X 10“5 307 + 22 257 + 18 157 ± 43 721 
0.50 X 10~5 285 + 14 228 + 20 85 + 13 598 
1.00 X 10‘5 264 + 27 210 + 15 82 + 12 556 
1.25 X 10’5 242 + 16 200 + 17 78 + 8 520 
2.50 X 10“5 221 + 24 14 2 + 30 57 + 
\ 
13 420 
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Table 5. Effect of 6-Chloropicolinic Ac id Concert tration or 
Nitrate Absorption by Cucumber Seedlings . 
6-chloropico- 
linic acid 
Nitrate uptake 
Cumulative 
Concen tration Time interval, hr. uptake 
0 to 10 10 to 20 20 to 30 
M peq/culture 
0 307 + 26 285 + 13 194 + 17 786 
o
 
r-^
 
1 o
 
f—
< 303 + 16 278 + 16 192 + 39 773 
io“7 305 + 23 278 + 32 195 + 17 773 
0.25 x 10‘5 219 + 14 159 + 11 70 + 11 448 
0.50 x 10‘5 189 + 12 131 + 27 58 + 6 378 
1.00 x 10”5 162 + 14 99 + 7 51 + 7 
\ 
312 
1.25 x 10’5 149 29 89 15 49 + 8 287 
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Table 6. A Comparison of Inhibitory Effects of N-Serve and 
6-Chloropicolinic Acid on Nitrate Uptake by 
Cucumber Seedlings . 
Inhibition of nitrate uptake relative to control 
Concentration N-Serve 6-chloropicolinic acid 
M % 
10-10 0 0 
»—
* 
O
 l 
0 0 
0.25 X 10“5 2 42 
0.50 X 10*5 24 52 
1.00 X 10-5 30 61 
1.25 X 10"5 34 64 
2.50 X 10’5 46 
*Lethal dose . 
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Table 7• Effect of N-Serve and 6-Chloropicolinic Acid on 
Chloride Absorption by Cucumber Seedlings. 
Treatmen t 
.Chloride uptake 
Time interval, hr. 
Cumulative 
uptake 
Relative 
upta ke 
0 to 48 48 to 96 
3jeq/culture % 
Control 21+9 42+5 63 100 
N-Serve 84+7 42+9 126 200 
6-chloropico- 
linic acid 
169 + 37 126 + 15 295 468 
Both N-Serve and 6-chloropicolinic acid were applied at 
concentration 0.50 x 10*"^ M. Culture consisted of eleven 
seedlings. 
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Table 8. Effect of N-Serve and 6*Chloropicolinic Acid on 
Potassium Absorption by Cucumber Roots. 
Treatmen t 
Potassium uptake 
Time interval, hr. 
Cum. Inbibi 
uptake tion 
0 to 10 0 to 20 0 to 30 
jjeq/culture 
Contro 1 151 + 19 81 1 +
 
t-
1 
—
i 
58 + 9 291 
N-Serve 128 + 17 69 ± 4 44 + 7 241 
6-chloropico- 102 + 18 54 ± 11 28 + 13 186 
linic acid 
% 
18 
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Both N-Serve and 6-chloropicolinic acid were applied at 
concentration 0.50 x 10 ^ M. 
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Table 9. Effect of N-Serve and 6-Chloropicolinic Ac id on 
Calcium Absorption by Cucumber Roots. 
Treatment 
Calcium uptake 
Time interval, hr. 
Cum. Inhibi- 
uptake tion 
0 to 10 0 to 20 0 to 30 
peq/culture 7* 
Control 
N-Serve 
6-chloropico- 
linic acid 
24 +1.3 
16 + 2.0 
11 + 1.3 
18 + 1.2 
15 + 1.0 
18 + 1.3 
22 + 1.5 
18 +0.7 
17 + 0.5 
65 
49 24 
47 28 
Both N-Serve and 6-chloropicolinic acid were applied at con¬ 
centration 0.50 x 10 5 M. 
I 
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Table 10. Effect of N-Serve and 6-Chloropicolinic Acid 
on Protein Synthesis in Root Tips of Cucumber 
Seedlings. 
Treatment 
Expt. 
No. 
C-leucine 
total 
uptake 
^C-leucine 
incorpora - 
tion 
Free 
^C-leuc ine 
c pm/mg fresh weight 
1 28.94 
17.71 
18.79 
10.61 
10.15 
7.10 
Control 
2 29.78 
20.49 
20.66 
11.89 
9.12 
8.60 
1 24.23 
24.86 
19.63 
19.66 
4.6 
5.2 
N-Serve 
2 22.09 
25.60 
17.69 
18.90 
4.3 
6.7 
1 21.61 
25.41 
17.40 4.2 
21.21 5.3 
6-chloro pico 
linic acid 
24.45 18.85 6.1 
16.80 13.00 3.8 
2 
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DISCUSSION 
The evidence obtained from this investigation has shown 
that N-Serve applied to the soil has an effect on the amount 
of nitrate accumulated by plants. With a constant NO^-N 
supply, higher nitrate accumulation was found to be enhanced 
only in plants treated with very high concentrations of N- 
Serve, at least 150 ppm. Growth of these plants was very 
severely restricted, and phytotoxicity symptoms were very well 
pronounced. N-Serve applied at concentration 50 ppm caused a 
noticeable drop in the amount of nitrate accumulated relative 
to the control. In this case cucumber seedlings did not show 
visible symptoms of phytotoxicity nor growth retardation. 
Nitrate concentration in the plant tissues represents the 
difference between nitrate absorption and nitrate reduction 
and is subject to change as the relative rates of uptake and 
reduction are altered (47). Several lines of evidence indicate 
that these two processes are independent (46). The first step 
in the sequence of reactions in nitrate reduction process is 
i 
mediated by the enzyme nitrate reductase. Since comparative 
determinations of nitrate reductase activity in plants grown 
in the soil treated with N-Serve with control showed that N- 
Serve does not influence activity of this enzyme in leaf 
tissues, the apparent effect of N-Serve applied to the soil 
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on nitrate concentration in plants does not seem to be a 
result of its direct interaction with nitrate reductase. 
Therefore, the differences in the amounts of accumulated 
nitrate in plants treated with N-Serve compared to the con¬ 
trol must be due to the interference of this chemical with 
processes involved in nitrate absorption by plant roots. The 
close relationship found between the amount of N-Serve applied 
to the soil and the amount of nitrate remaining in the soil 
after plants were harvested implies that nitrate uptake by 
plant roots is affected by N-Serve and that there is an inverse 
relationship between nitrate absorption and N-Serve concentra¬ 
tion in the soil. 
The data obtained from determinations of nitrate uptake 
from nutrient solutions by plants treated with N-Serve or with 
the principal product of its decomposition, 6-chloropicolinic 
\ 
acid, revealed that both N-Serve and 6-chloropicolinic acid 
indeed significantly inhibit the rate of nitrate absorption by 
plant roots. 
Reports in the literature show (11) that N-Serve (and 
maybe this applies also to 6-chloropicolinic acid as well) 
resembles picloram, 4-amino-3,5,6-trichloropicolinic acid, y 
in having an auxin-type activity on black locust and cucumber 
plants. Both N-Serve and picloram are members of the family 
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of herbicida 1 compounds known as chlorinated pyridines. 
a /na.ccx)h a./N;ycooH 
6-c^vtoxoptcolCt'uOc adol 
The auxin properties of picloram, a very potent herbicide, 
are very well documented (36,37). Although picloram is 
structurally different from other synthetic auxins such as 
benzoic acid derivatives or IAA and its functional derivatives, 
it appears to function as a growth regulator of the auxin type, 
with a herbicidal action similar to that of 2,4 D (36). Pic¬ 
loram as well as 2,4 D and N-Serve are growth regulatory com¬ 
pounds, which stimulate shoot cell elongation and inhibit 
root growth. 
Many investigations have been conducted on the mechanism 
of plant growth regulation by auxin-type herbicides, and there 
is substantial evidence that one of the effects of such com- 
pounds is an induction of aberrations in nucleic acid and pro¬ 
tein metabolism of sensitive plants (38,39). Reports in the 
literature on the effect of picloram on protein synthesis are 
conflicting. Increases in protein levels of tissues of sus¬ 
ceptible plants such as cucumber, soybean and cotton have been 
found after treatment with picloram at lower concentrations (38). 
, CL 
M i 
a 
CL 
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Moreland et. al. (40), however, were unable to demonstrate 
picloram effects on protein synthesis in corn. Contrary to 
the growth promotion observed at ?.ow concentrations (10 ug/ml) 
picloram at high concentrations• (500 ug/ml) drastically inhib¬ 
ited growth of excised plant tissues (43), and resulted in a 
serious depression of the processes of protein synthesis. 
Sharma (43) suggested that picloram influences protein metab¬ 
olism of plants by altering net synthesis and some processes 
in their degradative metabolism. 
N-Serve, a compound closely chemically and functionally 
related to picloram, was found to cause severe growth restric¬ 
tion when applied at high concentrations. It is possible that 
disturbances in growth caused by N-Serve are associated with 
decrease in the rate of protein synthesis and, consequently, 
in a slower rate of nitrate utilization. However, inhibition 
v 
of protein synthesis could not be experimentally confirmed in 
this investigation, possibly because of the relatively low 
potency of N-Serve and limitations of experimental procedure. 
If supression of protein biosynthesis processes by N-Serve is 
indeed the case, it would seem likely that apparent substantial 
accumulation of nitrate found in plants treated with high N- 
Serve applications is a result of this type of action. At 
lower concentrations N-Serve did not cause detectable dis¬ 
turbances in growth. It is not inconceivable that some 
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promotion of protein synthesis might occur as it was found 
with picloram although it was not experimentally determined. 
The lack of suppressive effect on growth and the apparent 
inhibition of nitrate absorption by roots of cucumber seedlings 
treated with 50 ppm of N-Serve would account for the drop in 
amounts of nitrate found in plant tissues compared to the con¬ 
trol. Therefore, although nitrate reductase activity is not 
inhibited by N-Serve, nitrate assimilation seems to be affected 
as a result of general growth restriction and possibly protein 
synthesis inhibition caused by high concentrations of this 
chemica1. 
Nitrate uptake has been established to be an active process, 
which depends upon the expenditure of metabolic energy and in¬ 
volves membrane bound carriers, presumably proteins, which 
mediate the passage of ions from the external solution to the 
cytoplasm (35). The uptake of other inorganic ions as K, Ca, 
or Cl is also known to be selectively mediated by specific 
carrier proteins (50,51,52). There are no reports in the 
literature concerning effects of N-Serve or products of its 
metabolism on accumulation of inorganic ions in plant tissues, 
nor the mechanism of this effect. Considerably more study has 
been given to establishing the mechanism of action of picloram. 
It was demonstrated that picloram influences uptake of ^C- 
leucine (43). It was further confirmed that substances which 
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promoted the incorporation of C-leucine into protein also 
promoted uptake of labelled precursors into plant tissues, 
whereas those that inhibited incorporation also inhibited 
uptake at the same time, under the same conditions. The 
implication is that precursor uptake is in some way dependent 
upon continuous synthesis of protein. Since picloram influ¬ 
ences uptake of leucine, the hypothesis is advanced that it 
affects integrity of membrane altering its permeability. Such 
a suggestion has also been made for picloram as well as for 
2,4 D (41). Some evidence (42) indicates that amino acids are 
transported across the membrane by the formation of transitory 
complexes with carriers. Mutual inhibition between inorganic 
ions and amino acids implies that they are transported by the 
same mechanism. 
The inhibition of processes of uptake of nitrate as well 
\ 
as other inorganic ions by N-Serve and 6-chloropicolinic acid 
seems to be in agreement with the similar effects on ion uptake 
described for another synthetic growth regulators, the benzoic 
acid derivatives which have auxin-type activity in plant tis¬ 
sues. It was established (36)that benzoic acid derivatives 
in high concentrations significantly reduced uptake of phos¬ 
phorus. The hypothesis is advanced that inhibition is due 
to penetration and alteration of membrane properties by these 
compounds. In examining the influence of benzoic acid deriv- 
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atives upon the growth of sugar cane, Wang (45) observed a 
considerable reduction in growth in both roots and shoots 
grown in Hoagland's solution supplemented with varying con¬ 
centrations of these compounds. Thus, the mode of action of 
synthetic auxins, such as benzoic acid derivatives, on plants 
closely resembles effects of N-Serve and 6-chloropicolinic acid. 
In the light of experimental evidence concerning possible 
mechanisms of action of chemically and functionally related 
compounds it seems conceivable that the apparent inhibitory 
effect of N-Serve and 6-chloropicolinic acid on nitrate uptake 
by plant roots can be a result of an interaction of both inhib¬ 
itors with the cell membrane and its activities. One of the 
possibilities of such interactions would be the interference 
with a specific carrier protein, which subsequently causes 
disturbances in the process of active nitrate absorption. The 
inhibitory effect of N-Serve on calcium and potassium absorption 
could be the combination of the direct interaction of chemicals 
with specific carriers for selective transport of these cations, 
and their inhibitory effect on nitrate (as a counter-anion) 
uptake rate. The reverse effects of N-Serve and 6-chloro- 
picolinic acid were observed in the case of chloride uptake 
by cucumber seedlings. Both chemicals were found to stimulate 
absorption of chloride ions, and the stimulation was much 
stronger with 6-chloropicolinic acid. The rate of chloride 
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absorption by 15-day old cucumber seedlings was very slow 
compared to the uptake of nitrate or other inorganic ions. 
It seems that the stimulatory effect of N-Serve and 6- 
chloropicolinic acid on chloride absorption could also be 
accounted for as a result of their interactions with the 
pla smamembrane of root cells . Chloride transport across the 
membrane was established to be mediated by a very selective 
mechanism possessing a high affinity for chloride (50). It 
would seem likely that inhibitors affecting integrity of this 
specific mechanism controlling active movement of chloride 
inside the plant tissue result in an increase in the permeability 
of plasmalemma to chloride. As a consequence, the passive 
leakage of chloride ions through a membrane into the plant 
cells, along the concentration gradient occurs. As a result 
of this passive leakage the amounts of chloride taken up by 
\ 
plants treated with inhibitors exceed the amounts absorbed by 
control plants in which metabolically controlled active uptake 
is the only mechanism operating. 
The reverse effects of N-Serve and 6-chloropicolinic acid 
on uptake of anions such as chloride and nitrate can be under¬ 
stood if it is assumed that since different ions are absorbed 
via different sites or carriers in the cytoplasm and apparently 
have different requirements as to the factors necessary for ion 
accumulations (49), a given inhibitor may affect the transport 
of the two ions quite differently. 
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Comparison of the relative toxic ities of N-Serve and 
6-chloropicolinic acid and on their effects on nitrate uptake 
as well as uptake of other inorganic ions such as K, Ca, and 
Cl has shown that growth restriction and toxicity symptoms 
t 
were more pronounced in plants treated with 6-chloropicolinic 
acid than these grown with N-Serve. Uptake of nitrate was 
found to be about two times slower with 6-chloropicolinic 
acid than with N-Serve when equal molar concentrations of 
both chemicals were applied. Similar inhibitory effects of 
N-Serve and 6-chloropicolinic acid were also found in the case 
of potassium and calcium uptake by plant roots, with the de¬ 
pressing effect of 6-chloropicolinic acid being more pronounced. 
The potency of herbicides, chlorinated pyridines varies con¬ 
siderably according to the pattern of substitution (36,48). 
Factors of particular importance with respect to auxin-type 
A 
herbicidal effectiveness are: the presence of dissociable 
carboxyl group, amino group as a potential electropositive 
region, and substitutions in the ring (Cl substitutes con¬ 
siderably increase activity). Therefore, 6-chloropicolinic 
acid meets the structural requirements for auxin-type herbi¬ 
cidal activity to a greater extent than N-Serve. This would 
account for much stronger phytotoxic effects observed in plants 
treated with 6-chloropicolinic acid. 
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